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INTRODUCTION
Overweight and obese subjects show an increased risk of developing many types of cancer, including breast neoplasms, when compared to individuals with normal weight (1 -3) . The relationship between overweight and increased breast cancer risk was consistently observed in postmenopausal women (4, 5) , while the association between body weight and premenopausal breast cancer risk is less clear (6) (7) (8) . Several lines of evidence also suggest that increased body weight is associated with a worse prognosis: a shorter survival has been observed in obese women with early breast cancer (9 -12) and in those gaining weight after breast cancer diagnosis (13) .
Several hypotheses have been put forward to explain the association between obesity and breast cancer. Among these, the most popular one attributes the increased risk and the worse prognosis to the elevated levels of circulating estrogens that are observed in obese women due to peripheral aromatization of androgens in the adipose tissue (14, 15) . A more recent hypothesis postulates an indirect effect of obesity on breast cancer development and progression, caused by the associated condition of insulin resistance which is characterized by elevated levels of circulating insulin and insulin-like growth factors.
These, in turn, result into an increased cancer cell proliferation (16, 17) . Finally, chronic inflammation has been involved as the determinant of the above mentioned associations, due the fact that obesity is a recognized pro-inflammatory state, leading to the release of inflammatory cytokines promoting tumor growth (18) .
The association between body weight and prognosis was observed mainly in women with early breast cancer. Even though a similar association seems to be plausible also in women with advanced disease, little direct evidence is available to support or refute it (19, 20) . The dismal long-term outcome of metastatic breast cancer (MBC) should not conceal the potential relevance of a negative prognostic impact of obesity in advanced disease. In fact, in recent years a substantial improvement in the life expectancy of these women has been observed, with current median survival times in the range of 36 to 48 months and no less than 25% of patients are alive at 5 years since the diagnosis of metastatic disease (21 -23) . In this perspective, even a moderate relative increase in the hazard of progression or death associated with overweight or obesity (e.g. HR = 1.3 -1.5) would translate into absolute decreases of progression free survival (PFS) or overall survival (OS) of several months (> 8 -12), of the same order of magnitude of, or greater than the effects of drugs currently used in the treatment of MBC.
Taking advantage of the database of breast cancer clinical trials performed by our cooperative group in the past years, we evaluated the prognostic impact of body BMI in MBC patients treated with first line chemotherapy. All statistical analyses were conducted on the database resulting from pooling the original databases of individual studies that included 698 patients. The analysis reported in the current study was limited to 489 patients, as 209 patients were excluded because no direct information on weight and/or height was available.
MATERIALS AND METHODS

Patient selection
The primary aim of this study was to evaluate the relationship between BMI (computed by dividing the weight in kilograms by the square of the height in meters), and PFS or OS.
BMI categories were selected according to the World Health Organization definition: underweight, <18.5 kg/m2; normal range between 18.5 and 25 kg/m2; overweight between 25 and 30 kg/m2; obese ≥30.0 kg/m2 . However, since only 10 women (2%) were underweight, these women were considered with normal weight women in our analysis.
BMI was assessed at baseline, before treatment administration. All information on prognostic factors and response to treatment was obtained from the original files, while OS and PFS data were updated from clinical records.
PFS was defined as the time interval from study entry to disease progression, or death from any cause, whichever occurred first. OS was defined as time from study entry to death from any cause.
Univariate analyses used standard statistical methods, such as the chi-square test for comparison of proportions, and the Kaplan-Meier estimator with the log-rank test for the estimation and comparison of survival curves. Multivariate proportional hazards (PH) models were used in analyses of PFS and OS to adjust for differences among BMI categories in baseline factors, including age, menopausal status, WHO Performance Status, hormonal status, site and number of metastases and trial.
RESULTS
All the 489 patients included in the present analysis received first line chemotherapy regimens including anthracyclines and taxanes, either in sequence or combination. Patient characteristics are described in was 0 in 68% of the patients, with only 5% of the patients having PS = 2. Median follow up was 18 months (range 0.4 to 88.3). The presence of obesity at baseline (time of study enrolment), as defined by a BMI ≥ 30.0 kg/m2, was observed in 109/489 patients (22%); 185 patients (38%) were overweight (BMI between 25.0 and 29.9 kg/m2), 185 (38%) were normal (BMI between 18.5 and 24.9 kg/m2) and 10 (2%) were underweight (BMI <18.5 kg/m2).
Progression Free Survival
Overall, 385 progressions were recorded in the 489 women included in the analysis. Table   2 . No relevant association between BMI category and PFS was observed. As expected, a worse PS, presence of visceral disease and endocrine receptor negative disease were significantly associated with an increased hazard of disease progression. No significant interaction between BMI category and any of the above variables was observed. The results of the multivariate Cox analysis (Table 3) confirmed the lack of any relevant association between BMI category and OS. A worse PS and visceral disease were significantly associated with an increased hazard of death. No significant interaction between BMI category and any of the covariates included in the multivariate model was observed.
Overall Survival
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DISCUSSION
Our study failed to detect any significant association between BMI and prognosis in MBC patients receiving first line chemotherapy. This finding is in contrast with what predicted on the basis of preclinical models and epidemiological studies, and, more important, with what seen in patients with early breast cancer, where a strong association between increased BMI and a worse prognosis has been observed in most studies. In advanced breast cancer, to our knowledge, only two studies assessed the prognostic relevance of BMI. In the first one an association between obesity and decreased survival was reported in a small cohort of 96 patients undergone stem cell support following high dose chemotherapy (19) . In the second one, a better prognosis was observed only in underweight women (BMI < 20), while no difference was seen between normal, overweight and obese women (20) .
Therefore little evidence is available in support or in contrast with the results of our study, and before speculating on their possible explanations and implications, it is necessary to discuss their reliability. patients and particularly in those receiving endocrine therapy. On the other hand, the relationship between obesity, hormonal therapies and prognosis is far from clear both in early and metastatic disease (27, 28) .
Second, it might be argued that the sample size of our study (489 patients with 385 progressions and 218 deaths) was inadequate to detect moderate, yet clinically worthwhile, prognostic effects of increased BMI. However, our data fail to provide even a clue of a possible trend of increasing hazard of progression or death with increasing BMI, allowing to rule out with reasonable confidence the presence of a strong prognostic effect of obesity. As a consequence, although other studies are warranted to confirm our finding, the presence of an association between BMI and prognosis in women with advanced breast cancer candidate to first line chemotherapy seems to be unlikely.
Several explanations are possible for the difference with the strong association reported in early breast cancer. The first one calls into question the mechanism by which overweight and obesity may affect prognosis in early breast cancer. If this, as repeatedly hypothesized, involves fine growth-stimulating mechanisms related to the insulinresistance and the pro-inflammatory state typical of overweight women, their relevance might be greatly diminished in the presence of a significant tumor burden, where tumor biology is likely to be more important than host factors in determining prognosis. In support of this hypothesis, there are two recent reports on the lack of association between BMI and Disease-Free or Overall Survival in triple negative early breast cancer (29, 30).
In conclusion, this study suggests that the presence of overweight or obesity at baseline is not an adverse prognostic factor in metastatic breast cancer patients treated with first-line chemotherapy. However, the potential role of lifestyle or medical interventions aimed at reducing BMI/insulin resistance, cannot be ruled out and might be clarified by an ongoing randomized clinical trial specifically evaluating the effect of the addition of metformin to first line chemotherapy in advanced disease (31). 119 (64) 56 (30%) 129 (70) 29 (27) 80 ( 111 (23) 126 (26) 4 (40) 2 (20) 4 (40) 96 (52) 40 (22) 49 (27) 103 (56) 41 (22) 41 (22) 49 (45) 28 (26) 32 (29) 0.6
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